1. Introduction {#s0005}
===============

Hypertension is one of the most important causes for raising the chances of renal disease, blindness, stroke and arteriosclerosis. Hypertension affects 78 million people in the US and around 1 billion people globally ([@b0045], [@b0135]). The incidences of hypertension are bound to increase further, unless broad and efficient precautionary steps are enforced. The published reports from the Framingham Heart Study proposed that people who are having normal blood pressure at the age of 55 years have a 90% threat of acquiring hypertension in their life span ([@b0045], [@b0285], [@b0280]).

The incidence of hypertension is also rapidly increasing in the Kingdom of Saudi Arabia, and reports have revealed that approximately one-quarter of the adult Saudi population is affected by hypertension. In 2007, the approximate prevalence of hypertensive cases in Saudi Arabia was 26.1%. Male cases were more in numbers as compared to the female cases (28.6 vs 23.9, respectively). Individuals living in the major cities exhibited a higher occurrence of high blood pressure (around 27.9%) in comparison with people living in the rural areas (occurrence of 22.4%). It has also been reported that as an individual's age increases, the risk of hypertension also increases proportionally, even if extensive and efficient preventive measures have been taken ([@b0055]). Cases with high blood pressure require long-term management of hypertension. In some certain cases, a lifetime treatment is suggested ([@b0190]; [@b0240]). Among the antihypertensive agents, angiotensin II receptor blockers are the most commonly prescribed medications for hypertensive patients. Nevertheless, the majority of the angiotensin II receptor blockers showed a low oral bioavailability; some examples are given here (EM 13%, candesartan 15%, valsartan 10--35%, olmesartan 28.6%, losartan 30%, and telmisartan 42%). They may be expected to be administered more frequently in a day due to their short half-life (losartan 1.5--2 h, EM 5--9 h, valsartan 7.5 h, candesartan 9 h, olmesartan 10--15 h and telmisartan 24 h) and this may result in patient non-compliance ([@b0045]). There is a great need for improvement of drug delivery systems for antihypertensive drugs believing the significant of their application and drawbacks related to their conventional dosage forms ([@b0030], [@b0020], [@b0045]; [@b0140]).

It has been previously reported that when drugs are administered via oral route, approximately 74% of orally administered actives are not found to be as effective as desired ([@b0215]). The efficacy of orally administered drugs can be improved by utilizing other routes of drug delivery. Delivery of drugs via transdermal route could be the answer to this problem. Transdermal route can also improve quality of life. Transdermal route is more established than the oral dosage forms. Thus, actives delivered by means of transdermal route are perfectly suited for disorders such as hypertension, which require continual action ([@b0030], [@b0020], [@b0045], [@b0040], [@b0060]). Hence, anti-hypertensive drugs have been subjugated for transdermal investigation in the present work.

The utmost challenge with delivery of actives across transdermal route is the hindrance properties of the stratum corneum that limits the absorptions of the majority of drugs ([@b0210], [@b0275]). Several advances have been attempted to surmount the hurdle of stratum corneum to achieve enhanced transdermal permeation of drugs. Lipid-based formulations provide improved delivery of drug via skin route ([@b0120]). Their advantages being superior compatibility with living system and ease of mixing with lipids of the skin ([@b0080]). Liposomes transdermal delivery systems have been investigated since 1980s and have elicited a substantial attention. Nevertheless, the liposomes don\'t profoundly permeate within the rats' skin and stay restricted to the upper layer of the skin ([@b0130]). Newer categories of lipid-based formulations viz. transfersomes have been formulated as novel kind of liposomes ([@b0255]). Nano-transfersomes were listed as the first generation of elastic vesicular formulations acquainted by [@b0070]. Transfersomes are reportedly more capable in delivering drugs via skin in terms of amount and deepness in comparison with conventional liposomes ([@b0015], [@b0170]). Transfersomes are highly flexible vesicular formulations that contain phospholipids (lipid bilayer forming substance) and edge activators in optimal ratio to contribute elasticity to vesicle membrane of nano-transfersomes ([@b0115], [@b0205]). By virtue of their flexibleness, they can permeate intact via the skin holes, which are practically minor in comparison with transfersomes own diameters and they are able to convey therapeutic concentrations of applied actives when used under non-occluded circumstances ([@b0065]). The hydration sensitivity of nano-transfersomes plus its exclusive driving force produces a new opening to regulate the carriers' penetration movement. In addition to the above advantages, nano-transfersomes could efficiently shield the drug and counter the unwanted quick clearance through the dermal blood vessels. Also, they are competent to hold the drug for sufficiently adequate time, on, in and underneath the skin barrier. In addition, nano-transfersomes can cross the obstacle layer of skin, independent of drug concentration. Nano-transfersomes have been applied as carriers for a variety of substances, including anticancer drugs, ketoprofen, insulin, corticosteroids and proteins ([@b0125]). These nano-transfersomes formulations were colloidal dispersions having average diameter in range of 100--200 nm ([@b0175]).

EM is an angiotensin II receptor blocker having low oral bioavailability of only 13% in humans. It is a BCS (Biopharmaceutics Classification System) class II drug with log partition coefficient of 3.9, and half-life of 5--9 h ([@b0165]). These characteristic properties of EM make it an appropriate candidate for transdermal formulation for the management of hypertension.

2. Materials and methods {#s0010}
========================

2.1. Materials {#s0015}
--------------

EM was procured from BASF, Germany. Phospholipon 90G was obtained as gift sample from Phospholipid GmbH (Nattermannallee, Germany). SDC and cholesterol were bought from AppliChem Panreac, Darmstadt, Germany. SP was obtained from Fluka Chemica (Buch, Switzerland). Rhodamine 6G was sourced from Sigma-Aldrich (St. Louis, MO, USA). Methanol and chloroform were purchased from BDH, England, and Sigma-Aldrich, USA, respectively.

2.2. Preparation of nano-transfersomes and liposomes {#s0020}
----------------------------------------------------

Edge activators with different HLB values \[SP (HLB-4.3) and SDC (HLB-16.7)\] were employed to prepare EM nano-transfersomes vesicles using Thin film hydration technique ([@b0015]). In brief, Phospholipid 90G and edge activator were accurately weighed and placed into a flask with round bottom and dissolved in 20 mL mixture of chloroform--methanol (2:1). The organic phase was gradually evaporated with reduced pressure, by a rotary evaporator (Buchi™ Rotavapor®-210, Zurich, Switzerland) such that a thin dry film of the components was formed on the inner wall of the flask. The temperature of the rotary evaporator was set above the lipid transition temperature of the phospholipids used. The dried lipid film was maintained under reduced pressure to remove traces of solvent ([@b0085]). The dried lipid film was then hydrated with phosphate buffer saline (pH 7.4, 20 ml) using rotary evaporator under normal pressure. The prepared vesicles were allowed to swell, in order to produce large multi-lamellar vesicles. Smaller vesicles were prepared by sonication using a probe sonicator (Bandelin Electronic GmbH & Co. KG, Berlin). The prepared smaller vesicles were then passed through 450 nm and 200 nm polycarbonate membranes (Chromafil® Xtra, Macherey-Nagel GmbH & Co. KG, Germany). Formulations were stored at 4 °C and evaluated for various characterization parameters ([@b0050]). Similarly, EM loaded liposomes formulations were also prepared using Phospholipon® 90G and cholesterol in 75:25 ratio that was used as a control formulation. The same method was applied for the preparation of Rhodamine 6G (0.03%, w/v) loaded transfersomes and liposomes for the confocal laser scanning microscopy study.

2.3. Characterization of the prepared nano-transfersomes and liposomes {#s0025}
----------------------------------------------------------------------

### 2.3.1. Vesicles size, polydispersity index and zeta potential {#s0030}

The vesicles size, polydispersity index and zeta potential of all prepared transfersomes and liposomes formulations were characterized by Dynamic Light Scattering method using Zetasizer Nano ZS (Malvern Instruments, United Kingdom) at 25 ± 1 °C. Samples were appropriately diluted with filtered phosphate buffer saline and characterized at scattering angle of 90° ([@b0025], [@b0090]). Surface charge of drug loaded vesicles was determined using Zetasizer Nano ZS (Malvern Instruments, Malvern, UK). Analysis time was kept 60 s, and average zeta potential of the vesicles was determined.

### 2.3.2. Nano-transfersomes morphology {#s0035}

Nano-transfersomes were visualized using transmission electron microscopy (JEM-1011, JEOL, Tokyo, Japan), set at voltage of 80 kV. A thin film of nano-transfersomes drop was allowed to form on copper grid and allowed to dry properly. The samples were then viewed under transmission electron microscope ([@b0200]).

### 2.3.3. Determination of entrapment efficiency (%) {#s0040}

The entrapment efficiency of EM loaded nano-transfersomes vesicles was determined by ultracentrifugation at 40,000 rpm and 4 °C for 1 h using OptimaTM Max-E, Ultra Centrifuge (Beckman Coulter, Pasadena, CA) ([@b0220]). When samples were centrifuged, the supernatant was withdrawn with proper care and quantified by HPLC method ([@b0035]). The entrapment efficiency was calculated by using the following equation.$$\text{Entrapment\ efficiency}\mspace{6mu}(\%) = (T - C)/T \times 100$$where *T* is the amount of total EM and *C* is the amount of EM detected only in the supernatant.

### 2.3.4. Preparation of rat skin {#s0045}

The hair on Wistar Albino rats (180--200 g) skin was shaved and the remaining hypodermic tissues were detached. The dermis part was cleaned gently with the help of a cotton swab having isopropyl alcohol to get rid of the remaining fat. The prepared rat skin was further cleaned using phosphate buffer saline, sealed in aluminum sheet and kept in a deep freezer at −20 °C until use (used within 2 weeks of preparation) ([@b0005], [@b0010]; [@b0235]).

### 2.3.5. *In vitro* skin permeation study {#s0050}

On the experiment day, the rat skin samples were thawed and inspected for any cuts and holes. The skin samples were cut to proper dimensions and put on a vertical type Franz cell of the SFDC-6 transdermal diffusion cell instrument (Logan, USA) facing stratum corneum toward the donor compartment, while dermis side toward the receiver cell. Nano-transfersomes formulations were applied in non-occlusive condition to the rat skin surface. The receptor medium was 12 ml ethanolic phosphate buffer saline (pH 7.4, 20:80). The receiver cell vehicle was maintained at 37 °C and agitated with the help of a small magnetic bead rotating at a speed of 100 rpm. Sample of 1 ml of receiver medium was taken and refilled with equal volume of fresh vehicle. The withdrawn samples were analyzed with HPLC method. Various parameters such as cumulative amount of drug permeated, lag time (T~lag~), permeability coefficient (K~p~) and enhancement ratio (ER) were calculated.

### 2.3.6. Confocal laser scanning microscopy {#s0055}

For confocal laser scanning microscopy study, rat abdominal skin was excised and mounted on Franz diffusion cell. The optimized nano-transfersomes and liposomes loaded with Rhodamine 6G (0.03%) were placed in donor compartment of Franz diffusion cell under non-occlusive condition ([@b0150], [@b0295]). On completion of skin permeation study for 10 h, the excessive residual formulation that contained dye was carefully cleaned from the surface of the excised rat skin and the required treated area was cut into small sections and positioned on the glass slide with stratum corneum facing upward. The samples were visualized using ×10 objective lens system of an inverted Zeiss LSM 780 microscope (Carl Zeiss, Jena, Germany). The rat's skin depth was optically examined at various increments through the *z*-axis of a confocal microscope. The excitation wavelength used was 528 nm, while emission wavelength was 551 nm ([@b0195], [@b0245]).

3. Results and discussion {#s0060}
=========================

The main component of nano-transfersomes constitutes phospholipid and edge activators. Numerous edge activators have been tried in various formulation developments of nano-transfersomes. Among them, the most widely reported are sodium cholate, sodium deoxycholate, potassium glycyrrhizinate and various grades of Spans and Tweens ([@b0230]). In the present study we have applied two surfactants: SP and SDC. The biosurfactant SDC was used because of its biocompatibility. SP was particularly chosen because of its biocompatible nature, which provides optimum elasticity to the vesicle membrane ([@b0175]). SP also has high acceptability in different types of pharmaceutical formulations ([@b0100]). Several formulations of nano-transfersomes were prepared with SP, SDC and Phospholipon 90G using thin layer evaporation procedure ([@b0015]). Liposome was used as control, and was prepared by a similar method used for the preparation of nano-transfersomes.

3.1. Characterization of nano-transfersomes {#s0065}
-------------------------------------------

### 3.1.1. Effect of formulation composition on vesicles size, polydispersity index and zeta potential {#s0070}

There were significant differences in vesicles size among the nano-transfersomes formulation comprising different surfactants. Moreover, a decrease in vesicle size was detected whenever each surfactant concentration was raised up to 25% w/w. The effect of formulations composition on vesicle size, polydispersity index, and zeta potential of nano-transfersomes containing EM is presented in [Fig. 1](#f0005){ref-type="fig"}.Fig. 1Effect of formulations composition on (A) vesicles size, (B) polydispersity index and (C) zeta potential of EM loaded nano-transfersomes (mean ± SD).

The characterization of the developed formulations for their vesicles size demonstrated that the vesicles size of the investigated nano-transfersomes lied in the range of 108--168 nm ([Fig. 1](#f0005){ref-type="fig"}a), representing that the prepared formulations had vesicles of small size which is necessary for their topical uses. Study by [@b0290] exhibited that by reducing the vesicles\' size, the permeation of entrapped drug(s) into rooted skin lamina is enhanced ([@b0290]).

The polydispersity index of the prepared formulation vesicles had values ranging from 0.121 to 0.310, showing homogenous population of the vesicles ([Fig.1](#f0005){ref-type="fig"}b). It was detected that on increasing the concentration of surfactant, the index of polydispersity decreased. The size of vesicles of liposomes formulation (control) was found to be 193.5 nm with polydispersity index of 0.515.

It was observed that the vesicles size of the traditional liposomes reduced significantly by adding edge activator in place of cholesterol ([Fig. 1](#f0005){ref-type="fig"}a). The zeta potentials of all nano-transfersomes formulations were found to be negative and in the range of −5.91 mV to −14 mV owing to the net charge of the lipid content in the nano-formulations. Phosphatidylcholine present in Phospholipid 90G is a zwitterionic compound with an isoelectric point between 6 and 7 ([@b0075]; [@b0095]). It has been reported that the negatively charged transfersomes formulations greatly enhance the skin permeation of drug(s) in transdermal delivery ([@b0250]).

### 3.1.2. Effect of formulation composition on entrapment efficiency {#s0075}

The entrapment efficiency for all developed nano-transfersomes was found in the range of 63.0 ± 2.76% (NT-SDC3) to 95 ± 5.36% for formulation NT-SP1 ([Table 1](#t0005){ref-type="table"}), while liposomes depicted the entrapment efficiency of 93.50% ([Table 1](#t0005){ref-type="table"}). It was observed that entrapment efficiency is found to be inversely proportional to the concentration of surfactants. Formulations with both types of surfactant (SP and SDC) show reduction in entrapment efficiency on increment in surfactant concentration ([Table 1](#t0005){ref-type="table"}). This could be happen owing to the presence of mixed micelles in the formulated vesicles at higher concentration of surfactant, with the consequence of lower drug entrapment in mixed micelles ([@b0170]).Table 1Effect of formulations composition on entrapment efficiency of EM loaded nano-transfersomes (mean ± SD).Formulation codeEntrapment efficiency (%)NT-SP195.00 ± 5.36NT-SP294.21 ± 3.20NT-SP389.78 ± 2.60NT-SDC174.01 ± 1.08NT-SDC263.02 ± 2.24NT-SDC363.00 ± 2.76Liposome93.49 ± 3.03[^1]

Our results are well corroborated with the published work of [@b0225], who have reported similar pattern of decrease in entrapment efficiency of propranolol hydrochloride in transfersomes containing soya phosphatidylcholine and various types of surfactants ([@b0225]). The lowering of entrapment efficiency too depended on the type of surfactant used. SP presented a slighter consequence in comparison with SDC ([Table 1](#t0005){ref-type="table"}).

### 3.1.3. Effect of formulation composition on EM transdermal flux {#s0080}

It is well established that the nano-transfersomes are well permeated via skin with respect to liposomes ([@b0270]). Antecedently, [@b0015] evaluated the skin permeation ability of nano-transfersomes using lipophilic drug valsartan and found superiority of nano-transfersomes over liposomes in terms of skin permeation via rat skin ([@b0015]).

Other researchers have also reported superior skin permeation capability of transfersomes in contrast to traditional liposomes; for example, enhanced permeation of pergolide was documented by [@b0155]. In another study, skin permeation of 5-Fluorouracil as well as estradiol was found to be better in comparison to the liposomes formulation ([@b0105], [@b0110]). In another study, authors concluded a higher delivery of dipotassium glycyrrhizinate via skin ([@b0260]). In the year 2000, Guo et al. and Hofer et al. reported better systemic delivery of transfersomes loaded with cyclosporin A and Interleukin-2 and Interferon-a, respectively via transdermal route ([@b0145]).

In the present study, transdermal delivery potential of developed EM formulations was assessed using the rat's skin by means of Franz diffusion cells. *In vitro* skin permeation profile of different EM loaded nano-transfersomes formulations across rat skin is presented in [Fig. 2](#f0010){ref-type="fig"}. It was observed that transdermal flux of EM enhanced linearly with an increment in the concentration of SDC. As the concentration of SDC increased from 5% to 15%, the transdermal flux of EM enhanced from 10.46 µg/cm^2^/h to 13.66 µg/cm^2^/h. With an additional rise in the concentration of SDC (25%), the transdermal flux was further increased from 13.66 µg/cm^2^/h to 27.22 µg/cm^2^/h ([Table 2](#t0010){ref-type="table"}). With respect to edge activator SP, the transdermal flux enhanced initially with an increase in the concentration of SP and then reduced. It was noticed that on increasing the surfactant concentration, the transdermal flux of EM also increased from 5.44 µg/cm^2^/h to 14.64 µg/cm^2^/h, but on further increase in SP concentration, the flux of EM reduced from 14.64 µg/cm^2^/h to 4.19 µg/cm^2^/h ([Table 2](#t0010){ref-type="table"}).Fig. 2*In vitro* skin permeation profile of different EM loaded nano-transfersomes formulations across rat skin (mean ± SD).Table 2Composition and permeation parameters for EM loaded nano-transfersomes and liposome formulations (mean ± SD).Formulation codesComposition phospholipid: edge activator (%w/w)Flux (µg/cm^2^/h ± SD)K~P~ × 10^−3^ (cm/h ± SD)T~lag~ (h ± SD)Enhancement ratio (ER)NT-SP195:55.44 ± 0.211.81 ± 0.075.97 ± 0.153.36NT-SP285:1514.64 ± 0.264.88 ± 0.093.07 ± 0.129.04NT-SP375:254.19 ± 0.281.40 ± 0.096.03 ± 0.152.59NT-SDC195:510.46 ± 0.283.49 ± 0.094.13 ± 0.126.46NT-SDC285:1513.66 ± 0.064.55 ± 0.024.10 ± 0.108.43NT-SDC375:2527.22 ± 0.299.07 ± 0.102.0 ± 0.1016.80Liposome--1.62 ± 0.210.54 ± 0.077.83 ± 0.76--[^2]

The pattern of transdermal flux depicted that too low or too high SP concentration is not favorable in formulation development of vesicular system which is intended to pass via skin. It also showed that the possible permeation enhancing consequence of surfactants is not primarily accountable for enhanced EM skin delivery from nano-transfersomes vesicles. These results are in correspondence to reports published earlier ([@b0170], [@b0180], [@b0225]). Reduced drug delivery at higher SP concentration could be explained due to the presence of prepared vesicles that exit side-by-side with mixed micelles (edge activator concentration 25% w/w of phospholipid). However solely mixed micelles be present at surfactant concentration of more than 25% w/w of phospholipid. These mixed micelles are described as fewer efficient in comparison with transfersomes for drug delivery via transdermal route, since micelles are considerably not as great sensitive to water activity gradient than nano-transfersomes. Talking about surfactants, the potential reasoning for ameliorated presentation of SDC in the case of transdermal flux, is its lower vesicular size value (*p* \< 0.05) than vesicles size of nano-transfersomes prepared with SP, which provides better enhancement of drug across the rat skin ([@b0225]).

### 3.1.4. Nano-transfersomes morphology {#s0085}

The morphology of the nano-transfersomes vesicles was assessed by transmission electron microscopy ([Fig.3](#f0015){ref-type="fig"}a), justifying the vesicular characteristics. EM loaded nano-transfersomes formulated from Phospholipon 90G and SDC were well-identified as spherical vesicles with uniform size distribution, displaying sealed unilamellar nano-vesicular structure. The optimized nano-transfersomes formulation (NT-SDC3) showed vesicles size of 108.53 ± 0.06 nm ([Fig.3](#f0015){ref-type="fig"}b).Fig. 3(A) Transmission electron microscopy and (B) vesicles size distribution of optimized EM nano-transfersomes formulation (NT-SDC3).

### 3.1.5. Confocal laser scanning microscopy {#s0090}

The probe Rhodamine 6G was utilized to investigate the skin permeation ability of developed nano-transfersomes into previously shaved rat's skin after its application in non-occlusive conditions. The thickness of rat's skin was optically scanned for 20 fragments from the surface of the skin (left to right) ([Fig. 4](#f0020){ref-type="fig"}). The confocal microscopy investigation confirmed the permeation of EM-loaded nano-transfersomes to the deeper layers of the skin ([Fig. 4](#f0020){ref-type="fig"}).Fig. 4Confocal laser microscopy image of rat skin treated with Rhodamine 6G loaded (A) liposomes and (B) optimized EM nano-transfersomes formulation (NT-SDC3).

It was observed that traditional liposomes formulations did not enable Rhodamine 6G to permeate into deeper layers of rat skin; instead, it ensued to hold on to the upper layer of the rat's skin ([Fig.4](#f0020){ref-type="fig"}a). On the other hand, nano-transfersomes formulation loaded with Rhodamine 6G demonstrated enhanced depth of dye permeation up to 270 μm ([Fig.4](#f0020){ref-type="fig"}b). The confocal laser scanning microscopy study following application of the optimized NT-SDC3 comprising Rhodamine 6G clearly defined the transdermal potential of the developed formulation ([@b0160], [@b0185], [@b0265]).

4. Conclusion {#s0095}
=============

It was concluded that developed nano-transfersomes demonstrated vesicles size in nano range. Good entrapment of EM was observed in the soft lipid-based nano-transfersomes. The optimized formulation depicted better transdermal flux of EM across rat skin as compared to liposomes formulation. Confocal laser microscopy depicted that the transfersomes permeated into deeper layer of rat skin. Further studies are in progress in our laboratory to establish the antihypertensive effectiveness of the above optimized formulations.
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[^1]: EM, eprosartan mesylate; NT-SDC, nano-transfersomes with sodium deoxycholate; NT-SP, nano-transfersomes with Span 80; SD, standard deviation.

[^2]: EM, eprosartan mesylate; NT-SDC, nano-transfersomes with sodium deoxycholate; NT-SP, nano-transfersomes with Span 80; K~P~, permeability coefficient; T~lag~, lag time; h, hours; SD, standard deviation.
